Abstract (HR: 5.95, P=0.001), opium abuse (HR: 4.85, P=0.010), and cardiopulmonary resuscitation (HR: 11.73, P=0.001) 
Introduction
A history of coronary artery bypass graft (CABG) surgery in a patient who presents with a suspicious ST-elevation myocardial infarction (STEMI) poses a diagnostic and therapeutic challenge. Although nowadays invasive treatments such as primary percutaneous coronary intervention (PPCI) are deemed the treatment of choice in STEMI patients, 1 the efficacy of such treatments in a special subgroup of patients including senile patients, 2, 3 those with a history of CABG, [4] [5] [6] [7] and those with severe renal dysfunction8 should be evaluated carefully.
In comparison with CABG-naïve patients, post-CABG patients are older, [4] [5] [6] [7] exhibit a higher prevalence of cardiac risk factors, [4] [5] [6] [7] suffer from more comorbidities, [4] [5] [6] [7] 9 and have lower ejection fractions. [5] [6] [7] In many landmark studies on the efficacy of reperfusion strategies in the management of STEMI, post-CABG patients were either excluded [10] [11] [12] or comprised just a small percentage of the study population. [13] [14] [15] [16] Consequently, it has remained unknown whether or not the results of such studies could be extended to this group of patients.
All previous studies have compared the outcome of PPCI in patients with and without a history of CABG, and different results have been reported. [4] [5] [6] [7] Some studies were in favor of higher mortality of STEMI in post-CABG patients, 4 whereas others supported the similar outcome of STEMI in patients with and without a history of CABG. 7 However, there has yet to be a study on the comparison between different treatment strategies in this particular group of patients. We designed the present study to compare the long-term outcome of different treatment strategies in the management of STEMI in patients with a previous history of CABG.
Methods
This is a historical cohort study on all patients with a history of CABG who were admitted to Tehran Heart Center (THC) with a diagnosis of STEMI between 2007 and 2017 (whether or not the initial management was done at THC). The exclusion criteria were non-STEMI and STelevation caused by etiologies other than STEMI. Because of the more complex nature of patients with concomitant valvular surgery, patients with a history of prosthetic valve implantation along with CABG were also excluded.
Based on their reperfusion strategy, the patients were stratified into different groups of no reperfusion (if the patient did not receive thrombolytic agents in the first 12 hours or PCI within 24 hours of symptom onset), thrombolytic group (if the pharmacologic thrombolysis was performed within 12 hours of symptom onset and no PCI was performed in the next 24 hours), PPCI (if PPCI was the initial reperfusion strategy and was performed within 24 hours of symptom onset), and rescue-facilitated PCI (if PCI was performed within 24 hours after the initiation of thrombolytic therapy). Nevertheless, since there was no patient to match the definition of the fourth group, the study population was categorized into the first 3 groups.
All the patients were followed up until May 2018 whether they were dead or alive. The date of death was considered the end point; whereas for those who survived, May 2018 was considered the end of follow-up. The entire study population provided informed consent, and the study protocol was approved by the Ethics Committee of THC and was in compliance with the principles of the Declaration of Helsinki.
All data on mortality, the length of hospital stay, risk factors, demographic features, and different therapeutic strategies over the 11-year study period were extracted from the Data Bank of THC and evaluated. Along with self-reports regarding previously diagnosed diseases necessitating medical treatment, diabetes mellitus was defined as a fasting blood glucose level >126 mg/dL and/or an HbA1C level >7% mmol/mol; hypertension was defined as being on antihypertensive drugs or having blood pressure >140/90 mmHg; and dyslipidemia was defined as a high-density lipoprotein level <40 mg/dL in men and <50 mg/dL in women, a triglyceride level >250 mg/dL, and a low-density lipoprotein level >100 mg/dL. Current cigarette smoking and also a history of cigarette smoking were categorized as smoking, and current or previous abuse of opium derivatives was defined as opium abuse. Chronic kidney disease was defined as a glomerular filtration rate <60 cc/min/kg, and acute kidney injury was defined as an increase in creatinine >50% or >0.3 mg/dL from baseline. Additionally, oliguria, defined as urine output <0.5 mL/min for >6 hours, was also considered to constitute acute kidney injury.
The continuous variables are presented as the mean ± the standard deviations (SDs) for those with a normal distribution and as the median (interquartile ranges [IQR 25%-75% ]) for those without a normal distribution. The dichotomous variables are presented as numbers (percentages). Group comparisons for the categorical and continuous variables were performed using the χ 2 , Fisher Exact, Mann-Whitney, and KruskalWallis tests, as appropriate. A P value <0.05 was considered statistically significant.
Cox regression modeling was used for survival analysis, and corresponding Kaplan-Meier plots, along with logrank P values, were presented. The variables with a P value <0.20 in the univariate analysis were included in the final multivariate Cox regression model. Adjusted hazard ratios (HRs) for all-cause mortality and 95% confidence intervals (95% CIs) are presented. The statistical analyses were performed using SPSS software, version 22 (IBM SPSS
Results
The study population consisted of 251 patients at a mean age of 64.01±9.45 years, and men comprised 81.7% of the patients. As is shown in Figure 1 , the inclusion and exclusion criteria were fulfilled by 251 patients, who were incorporated in the final analysis. There were 59 (23.5%) patients in the noreperfusion group, 64 (25.5%) patients in the thrombolytic group, and 128 (51.0%) patients in the PPCI group. There was a rise in the number of PPCI procedures during the study period, with 92.2% of the patients undergoing the procedure between 2016 and 2017. Along with changes in the reperfusion strategy, the median of the length of hospital stay was also reduced from 8.0 (IQR 25%-75% : 6.0-11.0) days to 5.0 (IQR 25%-75% : 4.0-8.0) days during the period of the study (Figure 2 ).
The baseline clinical status of the study population, the index event characteristics, and the indices of severity were compared between the groups (Table 1 and Table 2 ). Although the study population was not randomized, all 3 groups were largely similar, and no significant difference was observed between them except for the presence of hypertension (P=0.009) and the involvement of the lateral leads (P=0.006). The median of the ischemic time (onset of symptoms to reperfusion) was 3.0 hours (IQR 25%-75% : 2.5-5.0) in the thrombolytic group and 4.0 hours (IQR 25%-75% : 2.5-6.9) in the PPCI group (P=0.042).
The prevalence rates of diabetes mellitus, hypertension, dyslipidemia, cigarette smoking, and opium abuse were 36.3%, 73.5%, 62.2%, 39.8%, and 11.6%, correspondingly. The median of systolic blood pressure and diastolic blood pressure was 135 (IQR 25%-75% : 120-160) mmHg and 80 Out of the 251 patients, cardiopulmonary resuscitation (CPR) was performed in 19 (7.6%) patients, intravenous inotrope was used in 14 (5.6%), and temporary pacemakers were implanted in 12 (4.8%) during their course of hospitalization. Ten (4.0%) patients died in the hospital, and 15 (6.0%) patients expired in the first month after myocardial infarction (MI). More detailed information about the course of hospitalization is provided in Table 3 .
The median time of follow-up was 1304 (IQR25%-75%: 571-2269) days, during which 38 (15.1%) patients died. During the follow-up period, 12 (20.3%) deaths were observed in the no-reperfusion group, 7 (11.0%) in the thrombolytic group, and 19 (15.2%) in the PPCI group (P=0.344). The survival analysis is depicted in Figure 3 and Figure 4 . Despite showing some meaningful but statistically nonsignificant patterns, the 3 treatment strategies had no significant differences regarding both short-and long-term survival (P=0.612 for short-term survival and P=0.246 for long-term survival).
More detailed information regarding the initial treatment strategy and the next plan is given in Table 4 . Among the 148 patients who underwent PCI finally, the culprit vessel was the saphenous vein graft in 78 (52.7%) patients and the native vessel in 70 (47.3%) patients, and both groups had similar survival (P=0.317 for short-term survival and P=0.525 for long-term survival).
To find factors that contributed to the patients' survival, we performed a univariate analysis first. (The results are presented in supplementary materials [ Table S1, Table S2,  and Table S3] ). In the fully adjusted multivariate analysis ( (3) http://jthc.tums.ac.ir July, 2019
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Discussion
As of 2016, after the establishment of the 24/7 PPCI program in our center, all STEMI patients who had a timely hospital arrival (<24 h) or who arrived late but still had symptoms of ongoing ischemia underwent urgent coronary angiography (CAG), followed by PCI, if needed. Accordingly, all patients who received this treatment after 2016 were actually those who were initially treated at a different center before transfer to our hospital. However, before that, patients were treated based on the attending physician's discretion. Of course, those who referred to us in the daytime had a higher chance of receiving PPCI than those who came during night hours.
Following the initial treatment, the decision as to whether or not to perform CAG was based on the physician's clinical judgment. The patients who did not undergo CAG were evaluated via noninvasive tests; and in the absence of ischemic symptoms, CAG was not performed. After CAG, the next treatment strategy was at the physician's discretion, considering the general condition of the patient, the symptoms, and the anatomy of the vessels.
In point of fact, the initial concept behind the design of the present study was to show that invasive treatment, even in patients with a history of CABG, would increase longterm survival. The results were, however, unexpected. Although we performed an adjusted multivariate analysis, it can be claimed that the patients in the medical treatment group had a better clinical condition. To establish the validity of this theory, we compared 3 different groups of patients with respect to factors that were potentially prognostic. The analysis showed that these different groups had comparable conditions and that the no-reperfusion group not only did not have a better clinical condition but was also worse off than the other 2 groups in terms of ST-segment resolution and diabetes.
Our study failed to demonstrate survival benefits from PPCI in this subgroup of patients; be that as it may, how can these results be justified? It should be noted that some of our patients in the no-reperfusion and thrombolytic groups were referred from other centers after initial management. Patients who died at the origin hospital before arrival at our center were not included in our study, which caused an underestimation of early mortality in these groups.
PPCI in post-CABG patients differs in many ways from PPCI in other patients. Many reports, similar to our study, have shown a high rate of unsuccessful PCI, 4, 14 an unsatisfactory final thrombolysis in myocardial infarction (TIMI) grade flow, 4 and the inability to find the culprit vessel [4] [5] [6] [7] in post-CABG patients. On the other hand, not only has the incidence of a TIMI grade flow 0/1 been reported less frequently, 7 but also well-developed collateral vessels have been noted in this group of patients. Furthermore, more than half of the incidences of STEMI in normal patients are in the anterior territory, whereas anterior MI in patients with a history of CABG is much less prevalent. [4] [5] [6] [7] In half of the cases, the culprit is a vein graft, [4] [5] [6] [7] with several studies having shown the worse outcome of PCI on the vein graft in comparison with the native vessel. 4, 17, 18 All the above mentioned points appear to detract from the value of invasive treatment, especially PPCI. Another point that should be considered in relation to the current investigation is that we evaluated and treated the entire study population in the best possible manner. Even those who did not undergo CAG were evaluated with noninvasive tests, and none of the patients was left unevaluated. This issue may have contributed to the similarity of the outcomes between our 3 study groups.
The salient point in the interpretation of our results is that they, to some extent, run contrary to recently reported evidence elsewhere. Indeed, a recent large-scale study suggested that invasive management yielded similar outcomes in patients both with and without a history of CABG. This means that the benefits of invasive treatment in CABG-naïve patients can also be achieved in patients with a history of CABG. 7 Our having considered all-cause mortality to be an end point has its own advantages and disadvantages. Two potential alternatives for measurement were major adverse cardiovascular events (MACE) and cardiac death, but both of them had some limitations. MI is an integral part of the definition of MACE; and because post-CABG patients usually have some degree of increased troponin levels, it is difficult to accurately determine the incidence of MI in their following admissions. Moreover, the fact that some patients may be admitted for MI in another center makes it virtually impossible to measure the true incidence of MACE. Since these patients have a high prevalence of comorbidities, there are also many limitations regarding the definition of a true cardiac death. It is also necessary to keep in mind that in a population with many comorbidities, a treatment that reduces cardiac death may not necessarily increase the overall survival. Although all-cause mortality has some degree of non-specificity, we finally resolved to consider it an end point.
The predictors of mortality have been studied thoroughly in the past, and numerous factors such as advanced age, 19 lower systolic blood pressure, [19] [20] [21] lower ejection fractions, [19] [20] [21] advanced Killip classes, 20 indices of successful reperfusion, 21 and renal failure 22 have been reported frequently. In the present study, our comprehensive univariate analysis found many contributing factors to the patients' survival. In our fully adjusted multivariate model, however, due to the limited number of events, most factors lost their significance and a history of CPR during admission remained the sole independent predictor of short-term mortality.
Our findings regarding long-term survival appear to be more interesting. Diabetes, opium abuse, and CPR during index admission were associated with long-term mortality in the multivariate-adjusted model. In recent years, more attention has been paid to the adverse effects of opium on the cardiovascular system. In a well-designed propensity scorematched study, opium abuse was found as an independent predictor of coronary artery disease and a dose-response relationship between opium abuse and the extent of coronary artery disease was reported. 3 One year later, opium was introduced as an independent predictor of all-cause mortality, including cardiac death. [23] [24] [25] Despite all the aforementioned evidence, unfortunately, there are traditional beliefs among Iranian patients and even many physicians in regard to the beneficial impact of opium. Intensive informative programs are required to raise awareness among patients and also physicians about the disadvantages and hazards of opium consumption.
The most prominent limitation of the present study is its observational design. Moreover, the fact that our study was not randomized may have caused selection bias. The small sample size is another salient weak point of our study, rendering it underpowered for the detection of the equality J Teh Univ Heart Ctr 14 (3) http://jthc.tums.ac.ir July, 2019 TEHRAN HEART CENTER of these treatments.
Conclusion
The method of treatment of STEMI patients with a history of CABG has undergone significant changes in recent years, shifting toward more invasive strategies such as PPCI.
Our study failed to demonstrate the superiority of invasive treatment in terms of survival; however, our results should be interpreted in light of the fact that a small sample size and a limited number of events rendered our investigation underpowered. Far from expecting our results to be read as a measure of the inadequacy of PPCI, we wish to encourage further research on the advantages and disadvantages of this invasive modality in post-CABG patients.
Our results suggested that need for CPR during index hospitalization was an independent predictor of short-term mortality, whereas undergoing CPR during hospitalization, diabetes, and opium abuse were associated with lower longterm survival.
